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1
METHOD OF SYNTHESIZING SILVER
NANOPARTICLES FROM WASTE FILM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the synthesis of silver
nanoparticles, and particularly to synthesis of highly dis-
persed silver nanoparticles recovered from photographic and
X-ray medical film waste.

2. Description of the Related Art

Because of their unique properties (e.g., size and shape
depending upon optical, electrical, and magnetic properties),
silver nanoparticles can be useful in antimicrobial applica-
tions, biosensor materials, composite fibers, cryogenic super-
conducting materials, cosmetic products, and electronic com-
ponents. Several physical and chemical methods have been
used for synthesizing and stabilizing silver nanoparticles.
Conventional methods for producing silver nanoparticles
from silver chloride, however, typically require use of toxic
reducing agents.

Silver is the reflective coating of choice for solar reflectors,
and X-ray films used in medicine and photographic plates.
Around 18-20% of the world’s silver needs are supplied by
recycling photographic waste. It has been reported that 25%
of the world’s silver needs are supplied by recycling, out of
which 75% is obtained. Thus, X-ray films can serve as a
secondary source for recycled silver.

Various methods have been utilized in the recovery of
silver from X-ray films, which include adsorption of silver
from synthetic photographic and spent fix solutions on granu-
lated activated carbon in a batch process; industrial enzymatic
process for the recovery of silver and poly(ethylene tereph-
thalate) (PET) from used lithe film for printing; spent fixing
bath; using a constructed pilot reactor with a protease from an
alkalophile; and recovery of silver from X-ray film process-
ing effluents by precipitation. Silver recovered from X-ray
films by dissolving the silver compounds with concentrated
nitric acid showed that a very high quantity of silver can be
recovered. Silver has also been recovered from photographic
processing solution by replacing the silver with another metal
such as zinc by electrolysis or by chemical precipitation with
sulphide. Silver is then recovered from silver residue. How-
ever, stripping the gelatin-silver layer by conventional meth-
ods can cause environmental hazards, are time consuming, or
are very expensive.

Thus, a method of synthesizing silver nanoparticles using
film waste solving the aforementioned problems is desired.

SUMMARY OF THE INVENTION

A method of synthesizing silver nanoparticles from waste
film can include providing waste film including a silver halide
salt and gelatin, mixing the waste film with a sodium hydrox-
ide solution or an ammonia solution to form a mixture, heat-
ing the mixture, and subjecting the mixture to ultracentrifu-
gation to isolate silver nanoparticles in the mixture. The
mixture may be heated to temperatures of about 50° C. to
about 70° C. The film can include waste radiographic or
photographic film pieces. The radiographic film can be medi-
cal X-ray film. Glucose and/or polyvinylpyrrolidone (PVP)
may be included in the mixture. The nanoparticles can have
an average particle size of about 2 nm to about 10 nm. The
silver nanoparticles produced by the present methods can be
monodisperse and can be resistant to synthetic stomach fluid.
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These and other features of the present invention will
become readily apparent upon further review of the following
specification and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the UV-Vis spectrum of product obtained by
the method of Example 2.

FIG. 2 shows the UV-Vis spectrum of product obtained by
the method of Example 4.

FIG. 3 shows the UV-Vis spectrum of product obtained by
the method of Example 5.

FIG. 4 shows the Transmission Electron Micrograph
(TEM) of product obtained by the method of Example 2.

FIG. 5 shows the TEM of product obtained by the method
of Example 3.

FIG. 6 shows the TEM of product obtained by the method
of Example 4.

FIG. 7 shows the TEM of product obtained by the method
of Example 5.

FIG. 8 shows the TEM of product obtained by the method
of Example 6.

FIG. 9 shows the TEM (high resolution) of silver nanopar-
ticles obtained by the method of Example 6.

FIG. 10 shows the X-ray powder diffraction (XRD) pattern
of nanoparticles obtained by the method of Example 6.

FIG. 11 shows the UV-Vis spectra of silver nanoparticles
produced by the method of Example 6 in synthetic stomach
fluid at different time intervals.

FIG. 12 shows the electrochemical polarization of silver
nanoparticles prepared by method of Example 5 for steel in
IM HCL

FIG. 13 shows impedance of silver nanoparticles produced
by the method of Example 5 for steel in 1M HCI.

Similar reference characters denote corresponding fea-
tures consistently throughout the attached drawings.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A method of synthesizing silver nanoparticles from waste
film can include providing waste film including a silver halide
salt and gelatin, mixing the waste film with an alkaline solu-
tion to form a mixture, heating the mixture, and subjecting the
mixture to ultracentrifugation to isolate silver nanoparticles
in the mixture. The mixture can be heated to temperatures of
about 50° C. to about 70° C. The film can include waste
radiographic or photographic film pieces. The radiographic
film can be medical X-ray film. The alkaline solution can be
a sodium hydroxide solution or an ammonia solution. Glu-
cose and/or polyvinylpyrrolidone (PVP) may be included in
the mixture. Glucose, as an aldehyde, can reduce silver cat-
ions to silver atoms and can be oxidized to gluconic acid. The
nanoparticles can have an average particle size of about 2 nm
to about 10 nm. The silver nanoparticles produced by the
present methods can be monodisperse, resistant to synthetic
stomach fluid, and inhibit corrosion for steel in aqueous acid
solution. The silver nanoparticles prepared by the present
methods have high antimicrobial activity at low concentra-
tions.

As defined herein, the term “nanoparticles” are particles
between 1 and 100 nanometers in size. The term “photo-
graphic film” is a strip or sheet of transparent plastic film base
coated on one side with a gelatin emulsion containing micro-
scopically small, light-sensitive silver halide crystals. The
sizes and other characteristics of the crystals determine the
sensitivity, contrast, and resolution of the film. For black-and-
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white photographic film, there is usually one layer of silver
salts. When the exposed grains are developed, the silver salts
are converted to metallic silver, which blocks light and
appears as the black part of the film negative. The color film
uses at least three layers. Dyes, which adsorb to the surface of
the silver salts, make the crystals sensitive to different colors.
Typically the blue-sensitive layer is on top, followed by the
green and red layers. During development, the exposed silver
salts are converted to metallic silver, just as with black-and-
white film. But in a color film, the by-products of the devel-
opment reaction simultaneously combine with chemicals
known as color couplers that are included either in the film
itself or in the developer solution to form colored dyes.
Because the by-products are created in direct proportion to
the amount of exposure and development, the dye clouds
formed are also in proportion to the exposure and develop-
ment. Following development, the silver is converted back to
silver salts in the bleach step. It is removed from the film in the
fix step. This leaves behind only the formed color dyes, which
combine to make up the colored visible image.

Photographic emulsion is a light-sensitive colloid. Most
commonly, in silver-gelatin photography it consists of silver
halide crystals dispersed in gelatin. Photographic emulsion is
not a true emulsion, but a suspension of solid particles (silver
halide) in a fluid (gelatin in solution). Gelatin is a mixture of
peptides and proteins produced by partial hydrolysis of col-
lagen extracted from the skin, bones, and connective tissues
of animals. Photographic and pharma grades of gelatin are
generally made from beef bones.

Silver nanoparticles can be prepared from a silver halide
salt, e.g., silver chloride (AgCl) using the methods described
herein. The present inventors have discovered that gelatin
present in photographic and radiographic films can reduce a
silver halide salt, e.g., AgCl, at low temperatures in the pres-
ence of an alkaline medium, such as a NaOH or ammonia
solution. The present methods provide a simple “green” or
environmentally friendly route for producing silver nanopar-
ticles by reducing silver chloride using gelatin of photo-
graphic and medical X-ray films in alkali media. Glucose can
be used to control silver nanoparticle size and stability. The
present methods unexpectedly provide highly disperse silver
nanoparticles with high yield without the use of an external
reducing agent based on toxic agents.

Transmission electron microscopy (TEM), dynamic light
scattering (DLS) and UV-Vis spectroscopy were employed to
characterize the silver nanoparticles prepared according to
the present methods. In the UV-Vis spectra (FIGS. 1-3), the
silver nanoparticles display a surface plasmon resonance
(SPR) band at around 400 nm. The small shift to the left
(blue-shift) or to the right (red-shift) in the wavelengths
(M e 0 the SPR peak can be attributed to the production of
silver nanoparticles mixed with silver oxide (Ag,O) at vari-
ous shapes or sizes of formed silver nanoparticles. On the
other hand, the intensity of the SPR peak indicates the con-
tinued reduction of the silver ions. Additionally, the increase
of the absorbance at the same silver nanoparticle concentra-
tion indicates the increased concentration and yield of silver
nanoparticles. For example, a surface plasmon resonance
(SPR) of about 405 nm indicated the formation of the silver
nanoparticles. UV-vis spectra indicated that ammonia cannot
form silver nanoparticles, while NaOH succeeded to produce
silver nanoparticles. The present methods demonstrated suc-
cessful synthesis of silver nanoparticles with an average par-
ticle size of about 2-10 nm.

TEM results represented in FIGS. 4-9 indicated that the
samples obtained in glucose and glucose/PVP solutions
retained a narrower particle size distribution. In particular, the
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particle size of silver nanoparticles obtained in glucose/PVP
solutions using NaOH is smaller than in the glucose solutions,
which can be related to rate of reduction reaction. The meth-
ods described in Examples 3 and 4 below used glucose as a
reducing agent for silver halide salt. The methods described in
Examples 5 and 6 below used PVP as a stabilizer besides
using glucose as a reducing agent. The method described in
Example 6 below produced monodisperse silver nanopar-
ticles. Additionally, the silver nanoparticles showed good
resistance to stomach synthetic fluid, which is at 0.5 M HCI.

The present method of producing silver nanoparticles does
not require use of any toxic reducing agent. The silver nano-
particles formed can be monodisperse or have a narrow par-
ticle size distribution. The particle size can be about 10 nm or
less. The silver nanoparticles can have strong stability in an
aqueous acidic solution. The present methods can convert
silver chloride into silver nanoparticles using an alkaline
solution, such as a sodium hydroxide solution, as provided in
chemical Equation 1:

2AgCl(s)+2NaOH(aq)—Ag,O(s)+H,O(!)+2NaCl(aq) (€8]

As demonstrated in the examples below, the gelatin
released from the photographic or radiographic waste film
can be used to produce silver nanoparticles in situ in a manner
which is environmentally benign (“green”). Further, laser
ablation can form smaller particles stabilized by the amine
pendant groups on the gelatin backbone, which leads to the
formation of gelatin-stabilized silver nanoparticles. The fol-
lowing examples will further illustrate the process of making
silver nanoparticles.

Materials

Fuji medical X-ray waste film having a silver content of 5
g/m> was used as the starting recycled material. Glucose,
polyvinylpyrrolidone (PVP) having a molecular weight
40000 g/mol, ammonia solution 25% NH; and sodium
hydroxide (NaOH) were all used without purification. X-ray
powder diffraction (XRD) patterns were recorded using a
D/max 2550 V X-ray diffractometer. Transmission electron
microscopy (TEM) micrographs were taken with a JEOL
JEM-2100F. Ultraviolet visible (UV-vis) absorption spectra
were obtained with a Techcomp UV2300 spectrophotometer.
The synthetic stomach fluid was prepared according to well
established methods, using deionized distilled (DDI) water,
HCl (0.42 M) and glycine (0.40 M) pH 1.5.

Example 1

Synthesis of Silver Nanoparticles Using Ammonia
Solution

The waste X-ray films were cut into small pieces and about
10 g of these cut pieces were weighed and mixed with 90 mL
0f'25% of ammonia (NH;) solution and heated at 50° C. for 1
hour until the color of the solution was converted from col-
orless to blue. The solid film pieces were filtered. The solution
was subjected to ultracentrifugation at 21,0000 rpm.

Example 2

Synthesis of Silver Nanoparticles Using NaOH
Solution

The waste X-ray films were cut into small pieces and about
10 g was weighed and mixed with 90 mL. of 1 M NaOH
solution and heated at 70° C. for 1 hour until the color of the
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solution was converted from blue to dark red. The solid film
pieces were filtered and the solution was subjected to ultra-
centrifugation at 21,0000 rpm.

The UV-Vis spectrum of the silver nanoparticles is repre-
sented in FIG. 1. The blue shift and narrow distribution of the
UV-Vis spectrum at 405 nm indicated the formation of silver
nanoparticles with small size. The nanoparticles are relatively
monodispersed in size. FIG. 4 shows the Transmission Elec-
tron Micrograph (TEM) results.

Example 3

Synthesis of Silver Nanoparticles Using Ammonia
Solution with Glucose

The waste X-ray films were cut into small pieces and about
10 g was weighed and mixed with 90 mL 0f 25% of ammonia
solution and heated at 60° C. for 1 hour until the color of
solution converted from blue to dark red. Then, 10 mL of an
aqueous glucose solution containing 4 g of glucose was added
to the reaction mixture. The temperature was raised up slowly
up to 90° C. during a period of 1 hour. The red color of
reaction mixture converted to black. The solid film pieces
were filtered. The solution was subjected to ultracentrifuga-
tion at 21,0000 rpm. FIG. 5 shows the TEM of the product.

Example 4

Synthesis of Silver Nanoparticles Using NaOH
Solution with Glucose

The waste X-ray films were cut into small pieces and about
10 g were weighed and mixed with 90 mL of 1 M NaOH and
heated at 50° C. for 1 hour until the color of the solution was
converted from blue to dark red. Then, 10 mL of an aqueous
glucose solution containing 4 g of glucose was added to the
reaction mixture. The temperature was raised up slowly up to
70° C. during a period of 1 hour. The red color of reaction
mixture was converted to black. The solid film pieces were
filtered. The solution was subjected to ultracentrifugation at
21,0000 rpm. As shown in FIG. 2, the intensity of the UV-
visible spectra increased with the use of glucose as a reducing
agent. FIG. 6 shows the TEM of the product.

Example 5

Synthesis of Silver Nanoparticles Using Ammonia
Solution with PVP

In this method, X-ray film pieces (about 10 g) were intro-
duced into the reaction bath after heating 90 mL of 25% of
ammonia solution with PVP (2 g), which was set at 60° C.
within 60 min. Then, the temperature was gradually raised up
to a boiling point within 60 min and the treatment was con-
tinued for another 60 minutes. The red color of reaction
mixture was converted to black. The solid film pieces were
filtered. The solution was subjected to ultracentrifugation at
21,0000 rpm. FIG. 7 shows the TEM of the product.

Example 6

Synthesis of Silver Nanoparticles Using NaOH
Solution with PVP

In this method, X-ray film pieces (about 10 g) were intro-
duced into the bath after heating 90 mL (1 M NaOH) with
PVP (about 2 g), which was at 60° C. within 60 min. Then the
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temperature was gradually raised up to boiling point within
60 min and the treatment was continued for another 60 min.
The red color of reaction mixture was converted to black. The
solid film pieces were then filtered and the solution was
subjected to ultracentrifugation at 21 0000 rpm. The silver
nanoparticles had an average particle size of about 2.7 nm.
The silver nanoparticles were monodisperse. As shown in
FIG. 3, the narrow distribution of the UV-Vis spectrum
increased with the use of PVP as a stabilizer. FIG. 8 shows the
TEM of the silver nanoparticles. FIG. 9 shows the TEM (high
resolution) of the silver nanoparticles. FIG. 10 shows the
X-ray powder diffraction (XRD) pattern of the nanoparticles.
The XRD pattern in FIG. 10 shows that the product prepared
by all methods consisted of metallic Ag with a cubic structure.
The broadening of peaks indicates very small sizes of Ag
crystallites.

Example 7
Stability to Stomach Synthetic Fluid

Silver nanoparticles made in accordance with the method
described in Example 6, were suspended in 0.5M aqueous
HCl and 0.4M glycine conditions. FIG. 11 shows the UV-vis
absorption spectra acquired with time under 0.5M aqueous
HCl and 0.4 M glycine conditions. The absorption peak of
silver nanoparticles decreased without blue or red shift and
the broadness increased after 1 hour. This may be caused by a
gradual increase in the average particle diameter due to the
Ostwald ripening process. However, the coating on the nano-
particles clearly has a strong effect on their stability.

Example 8

Corrosion Inhibition in 1M HCl

The influence of various concentrations of silver nanopar-
ticles prepared by method of Example 5 on the polarization
behavior of carbon steel (CS) in 1M HCl solution is shown in
FIG. 12. The data indicate that the presence of silver nano-
particles shifts the anodic curves to more positive potentials
and the cathodic curves to more negative potentials and to
lower values of current densities. Both anodic and cathodic
reactions are drastically inhibited. The results can be attrib-
uted to the adsorption of silver nanoparticles on both anodic
and cathodic reactive sites, which inhibited the anodic and
cathodic reactions of carbon steel corrosion. The inhibition
efficiencies for different inhibitor concentrations were calcu-
lated from the following equation:

TEC) g "o

@
where i_,,,° and i_,,,. are the corrosion current densities for
carbon steel electrode in the uninhibited and inhibited solu-
tions, respectively. The IE % was calculated and quoted in
Table 1. It can be seen from the data presented in Table 1 that
inhibition efficiency achieved good results at low concentra-
tion 10 ppm. The results indicate the formation of thin film
and good stability of silver nanoparticles to 1 M HCI which
prevents the formation of silver ions or conversion of silver
nanoparticles to silver chloride. It is clear from the obtained
corrosion data that, the Tafel lines shifted towards more nega-
tive and more positive potentials during the anodic and
cathodic processes, respectively, relative to the blank curve. It
can be concluded that silver nanoparticles prepared by
method 5 acted as a mixed type of inhibitor.

This behavior was elucidated by electrochemical imped-
ance measurement as illustrated in FIG. 13. Nyquist diagrams
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of silver nanoparticles prepared by method 5 in 1 M HCl
without and with different inhibitor concentrations (5-50
ppm) of silver nanoparticles prepared by method 5. All the
impedance spectra exhibit one single semicircle. The inhibi-
tion efficiency (IE) is calculated from:

IE %=(1-R_/R*,)x100 3)

where R*_, and R_, are the charge-transfer resistances with
and without inhibitors, respectively. I[E % was calculated and
presented in Table 1. Table 1 shows the inhibition efficiency
values for steel in 1M HCI with different concentrations of
silver nanoparticles prepared by the method of Example 5,
calculated by Polarization and EIS methods. The inhibition
efficiencies calculated from EIS are in good agreement with
those obtained from potentiodynamic polarization curves.

TABLE 1
Polarization Method EIS Method
Ba Be E o oo Cdl
mV) (mVv) (V) pA/em® IE% Ohm (uF/em?) IE %
Blank 69 120 -0.3955 839 — 1.80 334 —
5 50 394 -03061 152 81.8 10.1 137 821
ppm
0 4 173 -03139 49 941 35 106 94.8
50 46 195 -0.3282 44 947 36 104 95.0
Example 9

Antimicrobial Activity of Silver Nanoparticles
Prepared by the Methods of Examples 5 and 6

Antimicrobial effects and minimum inhibitory concentra-
tion (MIC) and minimum bactericidal concentration (MBC)
of'the silver nanoparticles prepared by samples 5 and 6 were
determined using the broth-micro dilution test against three
common strains of bacteria; Escherichia coli ATCC 8739,
Staphylococcus aureus ATCC 6538, Bacillus subtilis ATCC
6633 and Pseudomonas aeruginosa ATCC 10145. Stock cul-
ture (0.1 mL) containing approximately 10x10° CFU mL™* of
each bacterial suspension and ~2.5-100 mg of sterile samples
were inoculated in 9.9 mL nutrient broth. Incubation was
carried out at 35° C. for 18-24 h. For enumeration, the cultures
in each media were serially diluted 10x10° fold using sterile
FTS solution, and 100 pl, of each diluted sample was placed
on nutrient agar and incubated for 18-24 h at 35° C., and
finally, the colonies were counted. The minimum inhibitory
concentration (MIC; ug mL™") of magnetite coated nanopar-
ticles using different types of gram positive (Staphylococcus
aureus ATCC 6538 and Bacillus subtilis ATCC 6633) and
negative (Escherichia coli ATCC 8739 and Pseudomonas
aeruginosa ATCC 10145) bacterial strains were determined
and listed in Tables 2 and 3 respectively. The data indicated
that silver nanoparticles prepared by method 5 and 6 achieved
good results with all tested bacterial strains. In the present
work, the stability of silver nanoparticles enhanced antimi-
crobial activity of the resultant nanoparticles and completely
inhibited growth as MIC was achieved.

Table 2 shows the minimum inhibition concentration
(MIC) and the percentage (%) reduction of organism for 10,
5,2.5, and 1 ug mL™* of samples against Escherichia coli
ATCC 8739, Staphylococcus aureus ATCC 6538, Bacillus
subtilis ATCC 6633, and Pseudomonas aeruginosa AICC
10145 strains using silver nanoparticles prepared by the
method of Example 5.
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TABLE 2
Anti- MBC MIC The reduction of organism (%)
microbial (mg (mg 1 2.5 5 10
Materials mL™Y) mL™Y) pygmL™! pgmL™? pgmL™' pgmL!
E. coli- 10 <10 — — 41 £4 100
S. aureus+ 10 25 53=+9 98 £0.2 99 +£0.3 100
B. subtilis+ — 2.5 66=x4 M0 =1 94 =2 97 =2
P. — 10 318 59£3 758 97 2
aeruginosa—

Table 3 shows the Minimum inhibition concentration
(MIC) and the % reduction of organism for 10, 5,2.5,and 1 pug
mL~" of samples against Escherichia coli ATCC 8739, Sta-
phylococcus aureus ATCC 6538, Bacillus subtilis ATCC
6633, Pseudomonas aeruginosa ATCC 10145 strains using
silver nanoparticles prepared by method of Example 6.

TABLE 3
Anti- MBC MIC The Reduction of Organism (%)
microbial (ug (ug 1 2.5 5 10
materials mL™) mL™) pgmL7! pgmL™? pgmL™! pgmL™!
E. coli- — 10 4012 355+4 70 7 89 +3
S. aureus+ — 1 90 £6 94 + 4 98 x1 98 x1
B. subtilis+ 10 25 4015 97+3 99 £0.4 100
P. 5 25 T74x4  98=x1 100 100
aeruginosa—

It is to be understood that the present invention is not
limited to the embodiments described above, but encom-
passes any and all embodiments within the scope of the fol-
lowing claims.

We claim:

1. A method of synthesizing silver nanoparticles from
waste film comprises:

providing waste film including a silver halide salt and

gelatin;

mixing the waste film with an alkaline solution to form a

mixture;

heating the mixture to a temperature of about 50° C. to

about 70° C.; and

adding a glucose solution to the mixture after heating the

mixture to a temperature of about 50° C. to about 70° C.

2. The method of synthesizing silver nanoparticles accord-
ing to claim 1, further comprising subjecting the mixture
including the glucose solution to ultracentrifugation to isolate
silver nanoparticles in the mixture.

3. The method of synthesizing silver nanoparticles accord-
ing to claim 1, further comprising heating the mixture to a
temperature of about 70° C. to about 90° C. after adding the
glucose solution to the mixture.

4. The method of synthesizing silver nanoparticles accord-
ing to claim 1, wherein the alkaline solution includes sodium
hydroxide (NaOH) or ammonia.

5. The method of synthesizing silver nanoparticles accord-
ing to claim 4, wherein the mixture further includes poly vinyl
pyrrolidone (PVP).

6. The method of synthesizing silver nanoparticles accord-
ing to claim 5, further comprising heating the mixture to its
boiling point after heating the mixture to a temperature of
about 50° C. to about 70° C.

7. The method of synthesizing silver nanoparticles accord-
ing to claim 1, wherein the waste film includes waste radio-
graphic or photographic film pieces.
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8. The method of synthesizing silver nanoparticles accord-
ing to claim 7, wherein the radiographic film pieces include
medical X-ray film pieces.

9. The method of synthesizing silver nanoparticles accord-
ing to claim 1, wherein the silver nanoparticles are about 2 nm
to about 10 nm in size.

10. The method of synthesizing silver nanoparticles
according to claim 1, wherein the silver nanoparticles are
monodisperse.

11. A method of synthesizing silver nanoparticles from
waste film comprises:

providing waste film including a silver halide salt and

gelatin;

mixing the waste film with an alkaline solution to form a

mixture;

heating the mixture to a temperature of about 50° C. to

about 70° C.; and

subjecting the mixture to ultracentrifugation to isolate sil-

ver nanoparticles in the mixture.

12. The method of synthesizing silver nanoparticles
according to claim 11, further comprising adding a glucose
solution to the mixture after heating the mixture to a tempera-
ture of about 50° C. to about 70° C.

13. The method of synthesizing silver nanoparticles
according to claim 12, further comprising heating the mixture
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to a temperature of about 70° C. to about 90° C. after adding
the glucose solution to the mixture.

14. The method of synthesizing silver nanoparticles
according to claim 11, wherein the alkaline solution includes
sodium hydroxide (NaOH).

15. The method of synthesizing silver nanoparticles
according to claim 14, wherein the mixture further includes
poly vinyl pyrrolidone (PVP).

16. The method of synthesizing silver nanoparticles
according to claim 15, further comprising heating the mixture
to boiling point after heating the mixture to a temperature of
about 50° C. to about 70° C.

17. The method of synthesizing silver nanoparticles
according to claim 11, wherein the waste film includes waste
radiographic or photographic film pieces.

18. The method of synthesizing silver nanoparticles
according to claim 17, wherein the radiographic film pieces
include medical X-ray film pieces.

19. The method of synthesizing silver nanoparticles
according to claim 11, wherein the silver nanoparticles are
about 2 nm to about 10 nm in size.

20. The method of synthesizing silver nanoparticles
according to claim 11, wherein the silver nanoparticles are
monodisperse.



